INTRODUCTION
An elevated concentration of protoporphyrin (PP)1 may be extracted with acid organic solvents from the erythrocytes of individuals with the genetic disorder erythropoietic protoporphyria (EPP) (1) and of individuals with chronic lead intoxication (PbI) (2) . In EPP the values observed may be up to 100 times greater than normal; in PbI PP concentration in the erythrocytes increases exponentially as the blood Pb level increases and in severe cases it reaches values even greater than in EPP (3) . A less pronounced increase in PP concentration is also observed in the erythrocytes of patients with iron deficiency anemia (FeDA) (4, 5 re- lationship to cuttaneous photoseinsitivity (6) ; tllere is a preponderant extraervtlhropoietic source of PP in EPP (7) ; there is a difference in the physical state of PP in the erythrocytes in these conditions; there may be an effect of lead that mitigates the photosensitive response.
The present study w-as directed toward an evaltuation of the hypothesis that photosensitivity reflects increased turnover of PP in EPP, wvith diffusion from the ervthrocytes through the plasma into the skin, anid that lack of photosensitivity in PbT reflects absence of PP turnover and absence of diffusion from the erythrocytes.
It is known that the acid-extractable porphyrins ("free erythrocyte porphyrins," FEP) in the erythrocytes in both EPP and PbJ consist primnarily of protoporphyrin IX (> 95%) (6) . The concentration of FEP may be precisely measured from minute volumes of erythrocytes (8) . Although the concentration of PP in the erythrocyte is similar in EPP and PbI, several other findings suggest a difference in porphyrin metabolism. PP is increased in the feces in EPP (1) but not in PII (9) . Although both EPP and P'bi er-vthrocytes fluoresce under ultraviolet liglht microscopy, the fluorescence is homogeneous in PbI (10) , while in EPP only a percentage of the erythrocytes fluoresce, some with extreme intensity (1) . Plasma Fig. 1 . The concentration of PP in EPP erythrocytes declined extremely rapidly with cell age compared to the rate of decline in normal, PbI, and FeDA erythrocytes.
In EPP erythrocytes, the PP concentration declined exponentially with age of tlle cell. The estimated PP concentratioin in erythrocytes of age 0 days appeared to be at least 200 times greater than in erythrocytes of age 120 days. At least two exponential rates of loss were apparent: a faster rate for the youngest erythrocytes (uppermost fractions) and a much slower one for the oldest (lowermost fractions). More than one rate of decline was equally apparent when either individual fractionation experiments or pooled data from all the runs were analyzed. In Fig. 1 the data were analyzed in terms of two exponential rates of decline, computed by utilizing from each experiment only the uppermost or the lowermost layers, respectively. However, the data could be interpreted in terms of multiple exponential rates of decline, with ti values ranging from a few hours -to several days. The bulk of the PP is lost from the erythrocytes within 1-3 days. These findings suggest either multiple PP pools within each erythrocyte with different rates of disappearance or multiple populations of erythrocytes possessing different rates of PP loss.
By contrast the rate of decline of PP in normal erythrocytes appeared much slower and could be defined by a single exponential rate, ti = 60 days.
In PbI erythrocytes, the concentration of PP declined exponentiailly withl a single rate of decline which was slower than in normal erythrocytes. The slopes of decline were essentially similar in severe and mild cases (t of PP, 115 and 120 days, respectively) and was thus The fluorescence also appeared homogeneously distributed in the FeDA erythrocytes, but it was too faint to allow firm conclusion. Normal erythrocytes exhibit no fluorescence detectable under the microscope.
Fluorescence of erythrocyte precursors in the bone marrow of an EPP patient. One EPP patient gave informed consent to have a bone marrow aspiration performed for this study. The bone marrow appeared morphologically normal by Giemsa stain, with a myeloid: erythroid ratio of 2.3: 1. Examination of a fresh preparation suspended in buffered saline indicated nearly total absence of fluorescence in the normoblasts. Only occasionally could fluorescent cells be detected after removal of all erythrocytes by density gradient centrifugation. Direct count indicated less than 1 in 500 normoblasts which exhibited fluorescence. These were in the most advanced stage of maturation as they all had pycnotic nuclei or only nuclear remnants. By contrast all bone marrow reticulocytes exhibited intense fluo- The elevated values observed in EPP plasma agree with those reported in the literature (6 (21) .
The PP accumulated in the newly formed erythrocytes rapidly disappears as the cells enter the circulation.
These observations cannot be explained by a rapid hemolysis of PP-containing reticulocytes since, except for unique cases (26) , EPP patients show no evidence of hemolvsis (6) . In fact, a rate of hemolysis commensurate with the rapid disappearance of fluorescent cells could not occur without striking reticulocytosis and/or anenmia. (All of the EPP patients in this study had normal hematological values and reticulocyrte counts.) It appears, therefore, that in EPP an extremely high concentration of PP accumulates in the erythrocytes in the later stages of maturation in the bone marrov and disappears rapidly from circulating erythrocytes.
The very short persistence in vivo of PP in the EPP erythrocvte may be explained either by diffusion from the cell or by intracellular catabolism. Diffusion of I'P from EPP erytthrocytes into plasma was clearly demonstrated in vitro by sterile incubation of EPP erythrocytes in plasma under controlled conditions, whlen the pH was 7.5 or above. These findings are at variance with the earlv observations of Redeker et al. (27) , \ho failed to demonstrate loss of PP fronm EPP ervthroc-tes to the plasma. Technical details of the incubation experiments of these authors were not reported. Their inabilitv to observe PP loss from erythrocVtes to plasma ma'y have been due to poor sensitivity of the spectrophotometric technique used in their study or to failure to control the plasma pH.
Diffusion of PP from EPP ervthrocvtes into the plasma had been suspected bv the elevation of plasmiia PP observed in this condition (1) . Recently, Shollnick et al. suggested that the majority of plasma PP in EPP maxy be of hepatic origini, oI the basis of in vivo studies usinlg radioactive precursors (7). Their interpretationl was based in part on tlle assumptioni that diffusioin of PP from the erythrocytes into the plasma does not occur, as reported by Redeker et al. (27) and also on the assumption of intraerythrocytic persistence of PP. Schxvartz et al. (28) interpreted analogous in vivo isotopic studies to suggest that the increased plasma PP reflects anl extremely rapidl release of PP from maturing ervthrocytes. These authors also demiionstrated tlhat, uipoIn incubation in vitro of EPP blood N-ith radioactive precursors, a large proportion of plasmlla PP becoIm1es radioactive. Siince hepatic synthesis cain certainily not be the mleclhainismii for labelliing of PP in vitro, these experiimients indicate rapid diffusion of PP from the erythrocytes. Our data indicate that PP disappears rapidly from EPP erythrocytes in vivo and that it may diffuse in vitro. Therefore it appears reasonable to conclude that in vivo a rapid diffusion of PP occurs in circulating erythrocytes and this may happen at an even faster rate during the last stages of erythrocyte Imlaturation in the bone marrow.
Increased fecal excretion of PP is a feature of EPP, blut (does not occulr in PbI (9) . The PP(t) = PP0e'T, (1) where r (turnover time) is the time (in days) for PP to drop to (1/e) PP0, and t is the age of the circulating cell (in days). Then, if the age distribution of the erythrocytes is uniform (there is no hemolytic anemia in EPP) and their finite lifespan is 120 days, the average protoporphyrin concentration, PP, is given by: (1-e'1/), (6) which from Eq. 3 becomes PPI = PP(1-e'1') (
So that for r = 2 days, PPt = 0.39PP; for T= 1 day, PP1 = 0.63PP. should be added also an eveni larger amount of PP which could very well diffuse from erythroid precursors in the bone marrow before they enter the circulation. It therefore is quite reasonable to expect a daily excretion in the feces of an amount of PP of the same order of magnitude as is in the total circulating erythrocyte mass.
